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Carotid artery stenosis: Preoperative 
noninvasive valuation in a 
community hospital 
Gary G. Nicholas, MD, Mark A. Osborne, MD, James W. Jaffe, MD, and 
James F. Reed I I I ,  PhD, Allentown, Pa. 
Purpose: The purpose of this study was to determine whether nonlnvasive evaluation with 
duplex ultrasonography and magnetic resonance angiography of patients with carotid 
artery stenosis can replace contrast angiography atour institution. 
Methods: This study consisted of a retrospective chart review of 40 patients (74 carotid 
arteries) in combination with a blinded reanalysis of original data. Contrast angiography 
was compared with duplex ultrasonography and magnetic resonance angiography. The 
overall diagnostic accuracy of duplex ultrasonography and magnetic resonance angiogra- 
phy was determined individually and concordantly in patients being evaluated for carotid 
artery stenosis. 
Results: The overall sensitivity of duplex ultrasonography was 88.5%, and the specificity 
was 91.7% (Spearman correlation coefficient = 0.8456; p < 0.001). For magnetic 
resonance angiography the sensitivity was 92.3%, and the specificity was 97.9% 
(Spearman correlation coefficient = 0.9086;p < 0.001). In the presence of concordance, 
the noninvasive studies exhibited a sensitivity of 100%, (correlation coefficient = 0.9661; 
kappa value = 0.9655). No occlusions or severe lesions were missed by both studies. In 
only one vessel (1.52%) was a false-positive concordance noted. 
Conclusions: Carotid endarterectomy ay be undertaken with a high degree of confidence 
that he operation will be appropriate if the noninvasive evaluations are concordant. In the 
absence of concordance of the noninvasive studies, contrast angiography should be 
considered. (J VASC SURG 1995;22:9-16.) 
Despite the fact that the mortality rate from 
stroke has been declining, stroke remains the third 
leading cause of death in the United States. The use of 
carotid endarterectomy in patients identified to be 
at risk for stroke has received considerable r trospec- 
tive and, more recently, prospective evaluation. With 
publication of the initial results of the North Ameri- 
can Symptomatic Carotid Endarterectomy Trial 
(NASCET), the frequency of carotid endarterectomy 
has again shown an increase in many institutions in 
this country. 1,2 Concomitant with this, the morbidity 
and mortality rate from carotid endarterectomy has 
declined to less than 3%. 1,3 As the perioperative risk 
From the Department of Surgery, the Department of Radiology 
(Drs. Osborne and Jaffe), and the Research Deparra-nent (Dr. 
Reed), Lehigh Valley Hospital, Allentown. 
Reprint requests: Gary G. Nicholas, MD, Department of Surgery, 
Lehigh Valley Hospital, Cedar Crest & 1-78, PO Box 689, 
Allentown, PA 18105. 
Copyright © 1995 by The Society for Vascular Surgery and 
International Society for Cardiovascular Surgery, North Ameri- 
can Chapter. 
0741-5214/95/$3.00 +  24/1/64712 
has decreased, the concern regarding the morbidity 
and mortality rate of diagnostic contrast angiography 
has become an even greater concern. The risk of com- 
plications from carotid angiography has been docu- 
mented to be between 0.9% and 3.9%. 4 Even if the 
risk of carotid angiography were nil, the cost still 
exceeds that of noninvasive t sting with duplex ultra- 
sonography and magnetic resonance angiography. 
Numerous authors have evaluated their experi- 
ence with noninvasive testing for the diagnosis of 
carotid artery stenosis, -9 Concern regarding replace- 
ment of contrast angiography with noninvasive 
diagnostic modalities has been interspersed with 
enthusiasm, especially for those patients who have 
hemispheric symptoms. Despite these varying opin- 
ions, many institutions and individual vascular sur- 
geons are proceeding with carotid endarterectomy on 
the basis of noninvasive study results without he use 
of contrast angiography. 6,1° 
It was the purpose of this study to determine 
whether noninvasive valuation of patients with 
carotid artery stenosis can replace contrast angiogra- 
9 
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phy in our institution. The overall accuracy of duplex 
ultrasonography and magnetic resonance angiogra- 
phy was evaluated. Assuming that the initial clinical 
test ordered for most patients would be duplex 
ultrasonography, a clinical algorithm was evaluated 
to determine the effectiveness of duplex ultrasonog- 
raphy followed by magnetic resonance angiography 
in patients before undergoing carotid artery surgery. 
The usefulness of concordant noninvasive study 
results was also evaluated. 
METHODS 
A retrospective chart review was performed on 
the records of 40 patients, all of whom underwent 
three carotid artery evaluation studies (duplex ultra- 
sonography, magnetic resonance angiography, and 
contrast angiography). Seventy-four carotid arteries 
were available for evaluation. The original reports of 
the carotid artery evaluation studies were used to 
tabulate the data. 
The second component of the study consisted of 
a reanalysis of all original studies to confirm the 
reproducibility of the data. The videotapes of the 
duplex ultrasonograms, magnetic resonance angio- 
grams, and contrast angiograms were each reviewed 
by one of the authors. This secondary review was 
conducted with the reviewer blinded to both the 
original report in the patient's record an d knowledge 
of the results of the other carotid artery studies 
performed on that patient. 
Contrast angiography was performed with either 
a cut-film technique or intraarterial digital subtrac- 
tion angiography. All studies consisted of arch and 
selective carotid artery catheterizations. Stenosis was 
graded by use of the NASCET methods by compari- 
son of the diameter of the distal internal carotid artery 
to the diameter at the site of maximum stenosis. 
Stenoses of 70% to 99% diameter reduction were 
graded as severe. 
Magnetic resonance angiography was performed 
by use of both two-dimensional time-of-flight in the 
cervical region and three-dimensional time-of-flight 
intracranially. The degree of stenosis was graded 
subjectively by comparing the vessel's diameter at the 
site of stenosis to that of the diameter of the internal 
carotid artery distal to where the flow pattern again 
revealed parallel arterial walls. Precise quantitation of
stenosis was not feasible because of flow voids in the 
image caused by turbulence and low flow velocities. 
Signal dropout was also considered in the subjective 
grading of the degree of stenosis. 
Duplex ultrasound evaluation was performed 
with either the Biosound 2000 II (Esaote, Italy) with 
an 8 mHz frequency probe (31 patients) or the 
Hewlett Packard 1000 with the 7.5 mHz probe (nine 
patients). Current studies are being performed with 
the Hewlert Packard 2000. The parameters u ed for 
duplex ultrasonography, with the Biosound 2000 II, 
were acoustic power, focal depth, and time gain 
compensation. These were adjusted to optimize the 
B-mode image. The Doppler angle could not be 
controlled with this instrument, and this adversely 
affected accurate spectral analysis. 
The Hewlett Packard 1000 used the 7.5 mHz 
probe. Acoustic power, dynamic range of returning 
echoes, focal depth, image noise minimization, time 
gain compensation, and pulse repetition frequency 
were all adjusted to optimize the B-mode image, 
Doppler color image, and spectral frequency pattern. 
Color-flow Doppler angle and Doppler spectral 
frequency angle were adjusted to 60 degrees, ix The 
site of maximum stenosis was identified by B-mode 
imaging. Pulsed-wave Doppler frequency analysis 
was used to quantitate progressive stages of narrow- 
ing. The duplex ultrasound criteria for carotid artery 
stenosis used in our laboratory have been validated 
and published previously, i2 These criteria receive 
ongoing evaluation through monitoring as part of 
our participation in the Asymptomatic Carotid 
Atherosclerosis Study (ACAS) protocol. Normal or 
mildly stenotic vessels (0% to 39% diameter stenosis) 
exhibited peak systolic velocity less than 110 cm/sec 
and peak diastolic velocity less than 40 cm/sec. For 
those vessels with moderate stenosis (40% to 59% 
diameter reduction) peak systolic velocity was less 
than 185 cm/sec and diastolic velocity was less than 
40 cm/sec. Severe stenoses (60% to 99% diameter 
reduction) were characterized bypeak systolic veloc- 
ity greater than 185 cm/sec and diastolic velocity 
greater than 40 cm/sec. Diastolic velocity increased as 
the severity of stenosis became more severe. Oc- 
cluded vessels were identified by absence of pulsed- 
wave Doppler signal, absent Doppler color flow, and 
the B-mode image of axial motion and thrombus 
throughout the lumen of the vessel. 
The data were analyzed by determining the exact 
correlation of each duplex ultrasound and magnetic 
resonance angiogram category with the correspond- 
ing findings on contrast angiography. The diagnostic 
accuracy of each of these noninvasive t sts was then 
evaluated. Frequency of concordance of the nonin- 
vasive tests was determined, and the accuracy was 
assessed. The data were then analyzed according to 
the clinical scenario wherein it was assumed that the 
initial diagnostic study would be duplex ultrasonog- 
raphy. Carotid artery lesions that were determined by 
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Table I. Internal carotid artery stenosis: comparison of duplex ultrasonography and contrast 
angiography (n = 74) 
Duplex ultrasonography ~ 
Contrast angiography 0% 1%-39% 40%-59% 60%-99% Occluded 
0% 15 13 1 0 0 
1%-49% 1 5 4 1 0 
50%-69% 0 1 4 3 0 
70%-99% 0 2 0 15 0 
Occluded 0 1 0 1 7 
*Duplex categories used to comply with ACAS protocol participating laboratory. 
Spearman Rho = 0.8456 (p < 0.001); Kappa = 0.7943. 
duplex ultrasonography to be 0% to 59% diameter 
narrowing were compared with those greater than 
60% diameter narrowing. The corresponding mag- 
netic resonance angiogram was compared with the 
contrast angiogram. The accuracy of this clinical 
approach was then evaluated. 
The Spearman correlation coefficient was com- 
puted between the duplex ultrasound diagnostic 
category and the contrast angiogram interpretation 
and between the magnetic resonance angiogram 
diagnostic category and the contrast angiogram 
interpretation. Standard iagnostic test statistics for 
sensitivity, specificity, positive predictive value, and 
negative predictive value were computed for both the 
duplex ultrasonogram and magnetic resonance an- 
giogram. A kappa statistic quantifies the degree of 
concordance between paired observations. A kappa 
statistic greater than 0.75 applied to the reliability of 
the diagnostic test indicates an "excellent" 
concordance; a kappa between 0.4 and 0.75 is a 
"good" concordance between the diagnostic 
categories; and a kappa between 0 and 0.4 indicates 
a "marginal" concordance. 
RESULTS 
In the interval from August 1991 through 
December 1993, 40 patients were identified who 
underwent contrast angiography, duplex ultrasonog- 
raphy, and magnetic resonance angiography of the 
carotid arteries at our institution. Data from all three 
studies were available for review on 74 carotid 
arteries. There were four studies in which either the 
magnetic resonance angiography or duplex ultra- 
sonography was technically unsatisfactory, and in 
two studies contrast angiography was a unilateral 
study only. There were 29 men and 11 women in the 
group evaluated. Their mean age was 68.6 years with 
a range from 49 to 85 years of age. The clinical 
presentation i 25 patients (62.5%) was character- 
ized by symptomatic disease consisting of either 
amaurosis fugax, transient ischemic attack, or hemi- 
spheric stroke. Eight patients (20%) were symptom 
free and seven (17.5 %) were admitted with nonhemi- 
spheric cerebrovascular symptoms. 
The diagnostic data on the 74 vessels analyzed 
were first evaluated by comparing the categories of 
stenosis for each of the noninvasive studies with the 
results of contrast angiography. Duplex ultrasonog- 
raphy and contrast angiography were in exact agree- 
ment in 46 of 74 vessels tudied (62.2%). When there 
was less than exact agreement, the difference was one 
duplex category more severe in 20 (27%) and one 
category less severe in three (4.1%). A discrepancy of
two or more categories between duplex ultrasonog- 
raphy and contrast angiography was noted in five 
(6.8%). Table I tabulates the results of duplex 
ultrasonography when compared with contrast angi- 
ography. The ultrasound categories were used to 
comply with the ACAS protocol, and, although they 
do not correspond exactly to the contrast angiogra- 
phy categories, the correlation remained strong. 
The 74 magnetic resonance angiograms and 
contrast angiograms were in exact agreement in 56 
studies (75.7%). A difference in agreement of one 
magnetic resonance angiogram category more severe 
was noted in four (5.4%) and one category less severe 
in 12 vessels (16.2%). The error was two categories 
in two vessels (2.7%). Table II illustrates the 
comparison of magnetic resonance angiography and 
contrast angiography. 
The diagnostic accuracy of the two noninvasive 
studies was then compared with the accuracy of 
contrast angiography and tabulated in Table III. The 
overall accuracy of the duplex ultrasonography was 
0.9054, and for magnetic resonance angiography it 
was 0.9595. The accuracy of duplex ultrasonography 
and magnetic resonance angiography in detecting 
severely stenotic arotid artery lesions is also illus- 
trated in Table III. The nine occluded vessels, all of 
which were detected by one or both of the noninva- 
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Table II. Internal carotid artery stenosis: comparison of magnetic resonance angiography and 
contrast angiography (n = 74) 
Magnetic resonance angiography 
Contrast angiography 0% 1%-t9% 50%-69% 70%-99% Occluded 
0% 27 2 0 0 0 
1%-49% 7 3 1 0 0 
50%-69% 2 3 2 1 0 
70%-99% 0 0 2 15 0 
Occluded 0 0 0 0 9 
Spearman Rho = 0.9086 (p < 0.001); Kappa = 0.9103. 
Table III. Diagnostic accuracy of duplex ultrasonography and magnetic resonance angiography 
Sensitivity % Specificity % PPV % NPV % 
Overall (n = 74) 
DU (stenosis > 60%) 88.5 91.7 85.2 93.6 
MRA (stenosis > 70%) 92.3 97.9 96.0 95.9 
Severe stenosis (n = 65) 
DU (stenosis 60%-99%) 88.0 92.0 79.0 96.0 
MRA (stenosis 70%-99%) 88.0 98.0 94.0 96.0 
PPV, Positive predictive value; NPV, negative predictive value; DU, duplex ultrasonography; ~AL4, magnetic resonance angiography. 
~Nine occluded vessels were omitted from this tabulation. 
sive studies, were omitted so that an accurate 
assessment of the ability of the noninvasive studies to 
detect a clinically significant severe stenosis could be 
evaluated. 
When the initial interpretation from the patients' 
records was compared with a second blinded reading 
of the duplex ultrasonogram, magnetic resonance 
angiogram, and contrast angiogram, similar results 
were obtained. The Spearman rho correlation coef- 
ficient for the two readings of the duplex ultrasono- 
gram was 0.8046, for the magnetic resonance angio- 
gram it was 0.8650, and for the contrast angiogram 
it was 0.9010 (p < 0.001). The Spearman rho 
correlation coefficient is a categorical classification 
analog to the Pearson's r. Thep values for each of the 
Spearman rho correlations werep < 0.001. The raw 
data for the ultrasonogram showed an exact agree- 
ment in 42, a one-category disparity in 29, and a 
two-category disparity in 3. For the magnetic reso- 
nance angiograms, there was exact agreement in 50, 
a one-category disparity in 21, and a two-category 
disparity in 3. 
The data were then segregated on the basis of 
duplex ultrasonography identifying vessels with se- 
vere stenosis. In the 47 vessels with 0% to 59% 
diameter stenosis, the subsequently obtained mag- 
netic resonance angiogram was compared with the 
contrast angiogram. There were no false-positive or 
false-negative magnetic resonance angiography study 
results noted in this group, yielding a 100% sensi- 
tivity of magnetic resonance angiography. For the 27 
vessels with a greater than 60% stenosis noted on 
duplex ultrasonography, the corresponding magnetic 
resonance angiogram was then compared with the 
contrast angiogram. The sensitivity was 91.3%, the 
specificity was 75.0%, and the positive predictive 
value was 95.5%, with a negative predictive value of 
60.0%. The kappa statistic was 0.6010, and the 
Spearman rho correlation coefficient was 0.6064. 
There was one false-positive and two false-negative 
magnetic resonance angiography results. Both false- 
negative study results were read as severe lesions on 
the blinded secondary interpretation of this data. 
Concordance of the results of duplex ultrasonog- 
raphy and magnetic resonance angiography was 
found in 66 (89.2%) of the vessels analyzed. In 44 
vessels, the studies were concordantly negative, and 
in 22 vessels they were concordantly positive. The 
overall diagnostic accuracy of concordance of the 
noninvasive studies is illustrated in Table IV. In the 
eight discordant study results, the magnetic reso- 
nance angiogram was correct six of eight imes. When 
duplex ultrasonography and magnetic resonance 
angiography were concordant for severe lesions, the 
sensitivity was 100%. There was one false-positive 
and no false-negative study results. 
If the contrast angiogram documented an internal 
carotid artery occlusion, on seven of nine occasions 
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both duplex ultrasonography and magnetic reso- 
nance angiography confirmed the occlusion; duplex 
ultrasonography confirmed occlusion in seven cases, 
and magnetic resonance angiography confirmed oc- 
clusion in all nine. No occlusion was missed by both 
studies. There were 17 studies in which the contrast 
angiogram documented a severe (70% to 99% 
diameter eduction) stenosis. Duplex ultrasonogra- 
phy and magnetic resonance angiography both cor- 
rectly diagnosed 15 of these severe lesions. No severe 
lesion was missed by both studies. The likelihood of 
operating on a patient with a less-than-severe lesion 
on the basis of the results of duplex ultrasonography 
was 5.4% (four of 74 false-positive study results). 
With magnetic resonance angiography, this risk was 
1.4% (one of 74 false-positive study results). A 
false-positive concordance was noted in only one of 
66 vessels (1.52%). 
DISCUSSION 
Numerous publications have documented the 
accuracy of duplex ultrasonography and magnetic 
resonance angiography in detecting varying degrees 
of carotid artery stenosis. 6,s,9 These noninvasive 
modalities are free of risk to the patient and produce 
minimal or no discomfort. Additionally, even in 
combination they are less expensive than contrast 
angiography. Turnipseed et al. 6 prospectively evalu- 
ated 40 patients being considered for carotid endar- 
terectomy and found that the noninvasive study 
results were satisfactory for preoperative evaluation 
in 35. He estimated a net savings of $125,000 in the 
treatment of these patients. Other studies have 
sounded a more cautious note regarding the use of 
noninvasive studies for the definitive diagnosis of 
carotid artery stenosis in patients before recommend- 
ing endarterectomy, s,13
It was the purpose of our study to determine 
whether we could safely substitute duplex ultra- 
sonography and magnetic resonance angiography for 
contrast angiography in our patients. We were 
especially interested in evaluating the ability of 
noninvasive studies in our institution to distinguish 
clinically significant disease from lesser degrees of 
stenosis without overlooking total occlusions. These 
errors could lead to inappropriate procedures and 
surgical misadventures. 
Table I illustrates these results by comparing 
duplex ultrasonography with contrast angiography. 
Other authors have noted similar results for duplex 
ultrasound evaluation. Riles et al. 8 evaluated 75 
vessels and noted a 65% exact correlation. In our 
study, the categories ofstenosis of duplex ultrasonog- 
Table IV. Diagnostic accuracy of 
concordant duplex ultrasonography and 
magnetic resonance angiography compared 
with contrast angiography (n = 66) 
% 
Sensitivity 100 
Specificity 97.8 
Positive predictive value 95.5 
Negative predictive value 100 
Kappa = 0.9655; Spearman rho = 0.9661. 
raphy did not correspond exactly to the contrast 
angiogram categories because the standards in our 
vascular laboratory were developed before publica- 
tion of the NASCET data and were established to 
comply with the ACAS protocol. Despite this, the 
correlation of the noninvasive duplex ultrasonogra- 
phy with contrast angiography remained strong 
(r s = 0.8516;p < 0.001). The cutoff point of 60% 
diameter eduction was used because this is the 
degree of stenosis at which a pressure gradient across 
the lesion is to be expected and flow will therefore be 
decreased. 
The comparison of magnetic resonance angiog- 
raphy to contrast angiography is tabulated in Table 
II. Pan et al.7 in their study of 61 vessels noted an 
exact category match in 69% of the vessels evaluated. 
Other authors have noted a tendency of magnetic 
resonance angiography to overestimate the degree of 
stenosis. 7,8 There was a two-category error in two of 
our studies (2.7%). There were two vessels in which 
magnetic resonance angiography missed a severe 
stenosis, and, if NASCET criteria had been applied, 
these patients would have been denied surgical 
interventions. In one vessel, the magnetic resonance 
angiography overdiagnosed a 50% to 69% stenosis as 
greater than 70%. 
To assess the reliability of these initial interpre- 
tations, all studies were reviewed by the authors 
without knowledge of the original report or infor- 
mation on the other studies on the vessel in question. 
The Spearman rho correlation coefficient for all three 
studies confirmed the reproducibility of the interpre- 
tations. The excellent correlation of initial and second 
readings of the studies upports the use of noninva- 
sive studies in the clinical decision process. Similar 
interobserver correlations have been noted in the 
literature. Mitrl et al.s noted a kappa of 0.91 when 
evaluating magnetic resonance angiography results. 
In a series of 94 carotid arteries reviewed by two 
observers who were blinded with regard to the 
other's results, Litt et al.~a found a correlation 
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coefficient of 0.87 for contrast angiography and 0.83 
for magnetic resonance angiography. 
In our study, the overall diagnostic accuracy of 
duplex ultrasonography was 90.5%, and for mag- 
netic resonance angiography it was 95.6%. The 
positive predictive value of magnetic resonance 
angiography was 96.0%, and for duplex ultrasonog- 
raphy it was 85.2% (Table III). The sensitivity of 
88.5% for duplex ultrasonography and 92.3% for 
magnetic resonance angiography is similar to that 
reported by other authors. 5'a4'15 
The clinician's major concern remains the ability 
of noninvasive testing to detect severe carotid artery 
stenosis. We found the positive predictive value for 
duplex ultrasonography in detecting the severe ste- 
nosis was only 79.0%. However, for magnetic 
resonance angiography the positive predictive value 
was 94%, and, if there was concordance of the two 
noninvasive studies, the positive predictive value was 
95.5%. In Table III the diagnostic accuracy of duplex 
ultrasonography and magnetic resonance angiogra- 
phy in detecting severe stenosis is tabulated. The 
sensitivity for duplex ultrasonography and magnetic 
resonance angiography was 88%. Turnipseed et al. 6 
noted 100% sensitivity for magnetic resonance an- 
giography in detecting severe stenosis (70% to 99% 
diameter reduction). Mittl et al. 5 found a sensitivity 
of 92.4% for magnetic resonance angiography and 
81% sensitivity for duplex ultrasonography in diag- 
nosing similar lesions in their series. 
Duplex ultrasonography of the carotid arteries is 
frequently the initial study suggested when evaluat- 
ing patients for extracranial cerebral vascular disease. 
On the basis of duplex ukrasonography findings, we 
segregated our results into two groups on the basis of 
the degree of stenosis from 0% to 59% in one group 
and greater than 60% stenosis in the other. These 
groups were then compared with their corresponding 
magnetic resonance angiograms and contrast angio- 
grams. For the group with 0% to 59% stenosis on 
duplex ultrasonography, the magnetic resonance 
angiography sensitivity was 100%. There were no 
false-positive or false-negative study results. In those 
with a stenosis greater than 60% on duplex ultra- 
sonography, the sensitivity of magnetic resonance 
angiography was 91.3% and the positive predictive 
value was 95.5%, when compared with contrast 
angiography. There were one false-positive and two 
false-negative magnetic resonance angiography re- 
sults. On the secondary blinded review of the studies, 
both the false-negative magnetic resonance angiog- 
raphy results were read as positive. Thus sequential 
noninvasive studies as used by clinicians can select 
patients with severe carotid artery stenosis. This is 
especially true when the two noninvasive studies are 
concordant. 
The value of noninvasive testing was strongest 
when the data were evaluated for concordance. In our 
series, 66 of the 74 vessels (89.2%) evaluated 
demonstrated concordance. Of the eight discordant 
studies, the magnetic resonance angiogram was 
correct on six of eight occasions. The sensitivity was 
100% and the specificity was 97.8% along with a 
kappa of 0.9655 and a Spearman rho correlation 
coefficient of 0.9661. If concordance for detecting 
severe or occluded lesions was noted, the positive 
predictive value was 95.5% (Table IV). No total 
occlusions or severe lesions were missed by both 
studies. In only one of 66 concordant noninvasive 
studies was there a false-positive r sult (1.52%), and 
this was a 50% to 69% stenosis on contrast angio- 
gram. For those patients who have lateralizing 
hemispheric symptoms, this error would not have 
been detrimental to patient reatment. 
Turnipseed et al. 6 noted that magnetic resonance 
angiography that confirmed and localized lesions 
identified by duplex ultrasonography may obviate the 
need for contrast angiogram before carotid endarter- 
ectomy. In a series of 19 patients, Polak et al.16 found 
that noninvasive valuation was satisfactory in 79% 
of the patients before carotid endarterectomy, and 
they likewise concluded that no contrast angiography 
was necessary if concordance was noted between the 
two noninvasive studies. 16 In light of these support- 
ing studies, it appears that severe carotid artery 
stenosis can be diagnosed reliably by noninvasive 
studies, especially when the results are concordant. 
However, this recommendation is not endorsed by 
all authors. Mittl et al. 5 concluded that concordance 
did not rule out the need for contrast angiography, 
despite obtaining the correct diagnosis in 46 of 47 
vessels when concordance of the magnetic resonance 
angiogram and duplex ultrasonogram was found. 
The clinical usefulness of the conclusions of this 
study is strengthened by the fact that the data were 
obtained from patient charts in a retrospective 
fashion, and these data represent the information 
available to the physician caring for the patient. It was 
not a study protocol of preselected cases accorded 
special attention or analysis. The secondary review 
confirmed the initial readings with highly significant 
correlation coefficients. This adds confidence to 
clinical decisions on the basis of this retrospective 
analysis. 
Strandness 17 and Chervu and Moore ~8 have 
stressed the importance of the clinical history and 
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physical correlating with the duplex findings. The 
issue of resolving the degree of stenosis and indica- 
tion for surgery is complex but very practical in light 
of the published results of NASCET, the European 
Carotid Surgery Trial, the Veterans Affairs study, and 
the yet-to-be-published ACAS results. 11,19-22 Signif- 
icant endpoints in favor of surgery have been 
established for patients with symptoms of 70% or 
greater stenosis by both NASCET and the European 
Carotid Surgery Trial studies, but the angiographic 
method of measurement of stenosis differed in thc 
two studies. The Veterans Affairs study and ACAS 
study of symptom-free patients favored surgery with 
stenosis of 50% and 60%, respectively (NASCET 
measurement method). A third method of measure- 
ment of carotid artery stenosis has been proposed that 
may be more amenable to use with both contrast 
angiography and duplex ultrasonography, but it fails 
to use spectral frequency analysis. 23,24 Duplex ultra- 
sound criteria have now been described to establish 
categories ofstenosis that correspond with those used 
in these prospective protocolsY '26 Each vascular 
laboratory will need to validate these criteria with 
their instruments and technologists. I1,27 
The resolution of this problem is incomplete. In 
the interim, it remains the responsibility of vascular 
surgeons to select patients on the basis of their clinical 
history and physical examination result, as well as 
confirmatory testing in a validated laboratory with an 
ongoing quality assurance program. The clinical 
outcome of individual surgeons and institutions 
should determine how aggressive one can be in 
recommending carotid endarterectomy. 
As with all retrospective studies of this design, the 
conclusions reached will need to be confirmed by 
prospective analysis. Also, the accuracy of the testing 
is dependent on the prevalence of the abnormality 
being sought. The impact of the demographic factors 
in our series cannot be specified. A significant 
shortcoming of the magnetic resonance angiography 
technique was the inability to apply precise measure- 
ment to the image. Stenosis was estimated subjec- 
tively. The visual estimation of degree of carotid 
artery stenosis lacks precision, but this may be 
resolved with new software and the combined use of 
two- and three-dimensional time-of-flight methods 
along with the multiple overlapping thin slab acqui- 
sition technique. 19 
Additionally, the duplex studies performed with 
the Biosound 2000 instrument lacked the ability to 
control the Doppler angle, and significant errors can 
be caused by both the angle alterations and changes 
in the velocity vector. H This may explain why we did 
not do as well with identification of high-grade 
lesions with duplex ultrasonography. Current duplex 
instruments in our laboratory allow control of the 
Doppler angle, and this should correct he deficiency. 
With the use of current duplex instrumentation i  
validated laboratories, the need for magnetic reso- 
nance angiography to define lesions at the carotid 
bifurcation may be decreased. 
As the risk of carotid endarterectomy has been 
reduced, the morbidity and mortality rate of contrast 
angiography has become more important in the 
decision process regarding treatment of patients with 
carotid artery stenosis. The authors referenced above 
have clearly documented the validity and safety of 
performing carotid endarterectomy on patients with- 
out the use of preoperative contrast angiography. 
Through the use of magnetic resonance angiography 
to confirm the lesions at the carotid bifurcation, we 
were able to achieve ahigh degree of accuracy when 
the results were concordant (Table IV). 
We conclude from this study that we have been 
able to obtain a high degree of accuracy in the use of 
noninvasive studies to determine the severity of 
carotid artery stenosis. Duplex ultrasonography was 
a useful initial screening technique and had an 
excellent positive predictive value. When the findings 
of severe stenosis were confirmed by magnetic 
resonance angiography through concordance of the 
data, a very accurate valuation of the degree of 
carotid artery stenosis was achieved in this series. Our 
data indicate that, if there is concordance of duplex 
ultrasonography indicating a greater than 60% ste- 
nosis and magnetic resonance angiography indicating 
a greater than 70% stenosis, no vessel with a severe 
stenosis (> 70% diameter eduction) confirmed by 
contrast angiography was overlooked. These data 
should allow the clinician to make decisions regard- 
ing therapy. On the basis of this retrospective data 
review, if one relies on concordance of the noninva- 
sive studies, none of the patients in this series with 
total occlusion would inadvertently have undergone 
operation. In addition, there was only one vessel in 
which there was a concordant false-positive result 
that misdiagnosed a severe lesion (1.52%). No severe 
lesions were missed by both studies, therefore 
patients with clinically significant lesions requiring 
surgical intervention would not have been over- 
looked. 
It appears that at our institution, we should be 
able to make clinical decisions regarding the degree 
of carotid artery stenosis without contrast angiog- 
raphy if the noninvasive studies described above are 
concordant. Surgery would then be performed with 
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L h igh  degree o f  conf idence that  the operat ion  wil l  
)e appropr iate  for the degree o f  stenosis identif ied. 
We are indebted to Susan A. Nastasee, BS, for her 
:xcellent editorial assistance in the preparation of this 
nanuscript and to Joanne Rodgers, RN,  BS, for her 
neticulous assistance in data collection. 
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